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ABSTRACT 
Nanofluids are the new class of quenching medium with colloidal suspensions of nanoparticles in base fluids, which 
improves the heat transfer characteristics. The present work has been focused on the quenching effect of mild steel and 
EN-8 steel with nanoparticles dispersed quenching medium. The different volume concentrations of nanofluids have been 
prepared by adding CuO nanoparticles with the average diameter of less than 50 nm in distilled water. Three volume 
concentrations (0.01%, 0.05% and 0.1%) of nanofluids have been prepared. EN8 and mild steel rod have machined as per 
Jominy end quench standard. The materials are heated up to 900⁰ C and the heated specimens are Jominy end 
quenched by using nanofluid. Heat transfer during the cooling has been recorded by interfacing the LabVIEW software, 
NI-DAQ kit and thermocouple. Then the hardness values are measured at different points on the work piece to examine 
the change in hardness of the quenched specimens. The result shows that, 0.05% volume concentration nanofluid exhibits 
a higher heat transfer rate; consequently the high hardness value has been achieved as compared with other specimens. 
The same effect has been observed with cooling curve, which was recorded by LabVIEW during the quenching process.  
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1. INTRODUCTION 
Applications of steel in engineering industry require a complete knowledge of mechanical properties and manufacturing 
processes. The common factors to be considered in the automotive industry or modern manufacturing processes are 
hardness, strength, toughness and low wear resistance. It can be achieved only through modern manufacturing 
processes. There are different modern manufacturing processes, among this heat treatment is the important one and 
frequently used. Heat treatment is the process of heating of steel to austenite temperature, then soaking for a specified 
time period to obtain a homogeneous transformation of austenite structure. Heated specimens are cooled by different 
methods. Among the various heat treatment methods, quenching is the desirable method to obtain the high hardness 
value and wear resistance. As per the deep literature survey, it was observed that the Jominy end quench test is the 
standard method to measure the hardenability of steel.  
  The purpose of using nanofluids as a quenching medium is to improve the heat transfer rate during the cooling process. 
In many industrial applications, the conventional heat transfer fluids such as refrigerants, water, engine oil, ethylene glycol 
are used as a cooling medium. Even though the improvement in energy efficiency is possible from the topology and 
configuration points of view, but much more focus has been required in the perspective of heat transfer fluid. Despite of 
considerable research and developments in enhanced heat transfer techniques, cooling capabilities have been 
constrained because of the poor thermal conductivities of traditional heat transfer fluids. The development of energy-
efficient heat transfer fluids enhances the thermal conductivity in heat transfer process. One such prominent advancement 
in the development of heat transfer fluids, is the use of nano-sized (1 - 100 nm) solid particles as an additive suspended in 
the base fluid which will result with enhanced heat transfer rate. 
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Nanofluids are heat transfer fluids which consist of nano-sized additive particles with base liquid. The mixture of 
nanoparticles with water or any other liquid is called as nano heat transfer fluid. The particles are intended to add for 
improving the thermal properties of the base fluids, which primarily refers to the significant increase in heat transfer 
dynamics of the cooling process. Base fluids can be water, Ethylene Glycol, Poly Alkaline Glycol (PAG), White metal nano 
powders (Cu, Au, and Ag), Oxide-Ceramic particles (Al2O3, CuO, and TiO2), Carbon powders and Carbon nanotubes are 
added into the base fluid. These fluids have been studied in various fields of thermal engineering [2] showed improved 
thermal properties of nanofluids. [3] It is found that adding tiny amounts (less than 0.001% by volume) of alumina 
nanoparticles to a conventional cooling liquid could significantly increase the Critical Heat Flux (CHF) up to 200%. 
However, such a large CHF enhancement in nanofluids could not be interpreted using traditional CHF theories, such as 
hydrodynamic instability models [4]. Because of its potential for remarkable CHF enhancement and scientific interest 
about its mechanism, boiling heat transfer research of nanofluids has attracted considerable attention, especially for those 
concerned with CHF. Dissolving nanoparticles in water could be a means to accelerate that transition and, more generally 
enhance the heat transfer during the quenching process. The common boiling manners of nanofluids have been studied in 
recent years. The number of investigations showed that the nano fluids can effectively delay Departure from Nucleate 
Boiling (DNB) with respect to pure fluids [5-6]. It was found that nanoparticle deposition on the boiling surface can occur, 
which significantly roughens the surface itself [7-11]. Moreover, the deposition of oxide nanoparticles like alumina, copper 
and titanium appeared to enhance the wettability of the boiling surface significantly [10,12 & 13]. This effect alters the 
nucleate boiling heat transfer characteristics of the surface and, specifically the thought to be responsible for the 
enhancement of the DNB heat flux (Critical Heat Flux - CHF). 
On the other hand, as of today only few publications exist concerning the quenching behavior of nanofluids. First, Park et 
al [14] performed quenching experiments of a high-temperature copper sphere in alumina nanofluids to investigate the 
effect of the nanoparticles on film boiling heat transfer. The nanoparticle concentration in their experiments was very high 
(from 5 to 20 Vol %), and a sub cooling range from 20 to 80 K was explored. J.R., Hong et al [15], who carried out 
quenching experiments of a nickel-plated copper sphere in a pool of water-based nanofluids containing carbon nanotubes 
(CNT). Based on the assumption that the copper sphere could be thermally lumped, they obtained boiling curves from the 
temperature-time history of the sphere, using the transient calorimeter technique. Their boiling curves suggested that the 
CNT nanofluids yield an enhanced CHF, transition boiling heat transfer rate, and minimum heat flux (Leiden frost point) as 
compared to water. They also found that the wettability of the sphere surface improved due to the surfactant used in the 
preparation of the CNT nanofluids, and that the CNT deposited on the surface during quenching. J.R., Hong et al [16] 
investigated the quenching characteristics of water and water-based nanofluids with silicon nanoparticles using a bare 
platinum wire and a silicon nanoparticle-coated platinum wire. The latter was prepared by boiling a bare platinum wire in 
the silicon nanofluid. No meaningful differences in the boiling heat transfer characteristics between water and the silicon 
nanofluid were observed during the experiments with the bare wire. However, a considerably higher heat transfer 
coefficient was obtained with the nanoparticle- coated wire in the nuclei and the transition boiling regions. 
From the above literature, the nanofluid does not experience abnormal heat transfer capability. But it shows little impact in 
heat transfer, thus the intensity of this work is to study the effect of heat transfer in Jominy end quench test on EN8 steel 
and mild steel. This paper is aimed to compare the hardness value at different points on different samples quenched by 
using nanofluids. The heat transfer has been recorded and the corresponding cooling curve to be plotted by using DAQ 
kit.   
2. METHODOLOGY 
Figure 1 shows the methodology of the Jominy end quench test.  It involves the selection of nanoparticle, preparation of 
nanofluid, preparation of specimens and experimentation. 
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Fig 1: Methodology 
3. EXPERIMENTATION 
3.1 Preparation of Nanofluid 
A CuO nanoparticle has been selected for preparing the nanofluid, because of their higher thermal conductivity, compared 
with low cost than Carbon nanotubes, Diamond, Silver nitrate particles. The nanofluids are prepared by dispersing the 
nanoparticle in de-ionized water by two step method. The CuO nanoparticle was purchased from Sigma Aldrich with the 
mean size of particles is less than 50nm. The volume concentration of CuO particles is listed in Table 1.  
Table 1: Volume Concentration of Nanoparticles 
Particle Appearance Purity Particle Size Seller 
CuO Black Powder 99.99 < 50 nm Sigma Aldrich 
Table 2 shows the quantity of nanoparticle needed for the preparation of different volumetric concentration of nanofluids.  
The measured nanoparticles are dispersed in a base fluid (De-ionized water) in mixing container. Then the mixture is 
stirred around 1000 rpm by using a magnetic stirrer. Prepared nanofluid was visually examined after 12 hours to check the 
stability of nanofluid. 
The nanoparticles were agglomerated in the bottom surface of the container to reduce the agglomeration of particles in 
nanofluid is sonicated for one hour using ultrasonic sonicator. The agglomeration of particles is considerably reduced by 
sonication process. Figure 2 shows the stability of nanofluid at different time interval, and finally to investigate the effect of 
volumetric concentration of nanoparticle on the cooling rate and quenching process of nanofluids. It was experimented 
that the nanofluid is stable after 24 hours of sonication, but after 48 hours, the particles were slightly settled down in the 
container. 
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Table 2: Required Quantity of Nanoparticles 
 Density of CuO  6300 Kg/m3 
Density of Liquid (EG/Water)  1029.6 Kg/m3 
Vol. concentration (A) (B) (C) (D) (E) 
Required Quantity 
of nanoparticles 
(F)    (in gms) 
0.01 0.0001 100 0.0971 0.00001 0.000159 0.06119 
0.05 0.0005 100 0.0971 0.000049 0.000159 0.30610 
0.10 0.0010 100 0.0971 0.000097 0.000159 0.61250 
 
A Volume Concentration in % 
B Quantity of Liquid 
C  Qty / Density of liquid 100  / 1029.6 
D  (Qty / Density of liquid) *  % Vol. Concentration (100 / 1029.6) * 0.0001 
E  (1% Vol. Concentration) / Density of Al2O3 (1 - 0.0001) / 2700 
                              
a) After 4 Hours      b) After 24 Hours          c) After 48 Hours 
Fig.2: Stability of Nanofluid at different Time interval 
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3.2 Specimen Preparation 
Two different materials based specimen specifically mild steel and EN-8 steel shafts were purchased with the diameter of 
32mm and having a length of 500mm. The shaft material is purchased as a single shaft to avoid changes in property due 
to changes in material and manufacture. Then the 500 mm length shaft is machined into 4 pieces of having a 25mm 
diameter and a length of 110mm. The standard dimensions of the specimen have been referred from previous literatures. 
Head of the work piece is 28 mm in diameter and 20 mm in length for holding the workpiece in the clamp of the shaft. 
Then the shaft is drilled perpendicular to the axis of the shaft for 12mm to place the sensor. Four numbers of samples 
were prepared with mild steel and EN-8 steel to conduct the experiment. Figure 3 shows the schematic view of the 
specimen before and after the quench. Table 3 shows the chemical composition of mild steel and EN8 steel. 
 
Fig 3: Work piece before and after quenching 
Table 3: Chemical composition of Mild Steel & EN 8 Steel 
Element Carbon % Manganese % Silicon % Sulphur % Phosphorus % 
Mild Steel 0.16-0.18 0.70-0.90 0-0.40 0-0.04 0-0.04 
EN 8 0.35-0.45 0.60-1 0.35-0.5 0-0.6 0-0.6 
3.3 Experimental Setup 
The experimental setup as shown in the Figure 4 is used to conduct the experiment of the Jominy end quench test. This 
setup consists of a clamp, reservoir, submersible pump, water jet, magnetic stirrer, DAQ and K - type thermocouple. The 
work piece was held vertically by using clamps and the reservoir was placed at the bottom of the setup, in which the pump 
was placed to suck the water from the reservoir and pass it to the workpiece through the water jet. Three drills of depth 12 
mm are used to place the thermocouples. The cooling rate of the work piece is measured at the three different places by 
placing the K - type thermocouples inside the drills on the work piece, thermocouples will sustain up to the temperature of 
1200oC. The thermocouples are connected with NI-DAQ 9211 temperature DAQ kit. The reservoir is used to store the 
nanofluid which is used as a quenching medium. A submersible pump is used to pump the nanofluid from the reservoir 
towards the base of the work piece. Muffle furnace used to heat the work piece to austenite temperature, and placed in the 
clamp of the setup for quenching process. The entire arrangement of the experiment is conducted by pumping the 
nanofluid from the reservoir to the base of the work piece, at the same time the cooling curves are recorded by using 
thermocouple which are connected to the NI-DAQ kit, then the graphs have been generated through LabVIEW software. 
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Fig: 4 Experimental setup 
3.4 Experimental Procedure 
The prepared EN-8 steel specimen is cleaned by using an emery sheet to remove the unwanted rust and dust over it. 
Afterwards washed with water and dried. Then the specimen is heated up to 900°C using muffle furnace and the 
temperature of the specimen is maintained for one hour to complete the austenite formation. At the same time, the 
nanofluid in the reservoir is stirred by using a magnetic stirrer to avoid the agglomeration of particles. Then the heated 
specimen is placed in a clamp. Instantly the pump is switched on and it pumps the nanofluid on the workpiece as per 
Jominy end quench test procedure. The Figure 5 illustrates the cooling of specimen by supplying the nanofluid. During the 
quenching process, the reduction in temperature is recorded by using DAQ at specified time intervals.  
 
Fig 5: Cooling process 
4 RESULT AND DISCUSSION 
4.1 Hardenability 
The Rockwell hardness value of the specimen has been recorded and the results were plotted. 
4.1.1 EN-8 Material 
The hardness value of EN-8 steel rod quenched with different concentration of CuO nanofluid mixed with distilled water is 
shown in the figure. The hardness varies to a great extent in the EN-8 steel when quenched with nanofluid than the 
distilled water. Three concentrations of nanofluid 0.01%, 0.05% and 0.1% have been selected for this test, in which the 
concentration of 0.05% results with improved hardness than the other two concentrations of nanofluid. At a distance of 
10mm from the bottom of the work piece the hardness is about 82 HRC (Rockwell „C‟ scale), and it decreases gradually to 
the value of 37 HRC at a distance of about 50mm from the bottom of the work piece, then the other intermediate hardness 
values are 65 HRC, 52 HRC and 40 HRC at a distance of about 20mm, 30mm, and 40mm respectively from the bottom of 
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the work piece. In case of the distilled water at a distance of 10mm from the bottom the hardness is 58 HRC and 22 HRC 
at a distance of 50mm and the other intermediate values are 44 HRC, 28 HRC and 25 HRC at a distance of 20mm, 30mm 
& 40mm respectively from the bottom of the work piece. 
 
Fig 6: Hardenability of EN-8 
For nanofluid concentration of 0.01% the hardness is about 71 HRC at 10mm, 27 HRC at 50mm, 52 HRC at 20mm, 37 
HRC at 30mm and 27 HRC at 40mm respectively from the bottom of the work piece. Then the nanofluid concentration of 
1% has 70 HRC at 10mm and 24 HRC at 50mm and the other intermediate values are 47 HRC, 32 HRC, 26 HRC at a 
distance of about 20mm, 30mm & 40mm respectively from the bottom of the work piece. Depends upon the heat transfer 
rate the hardenability of each trial varies with increases in heat transfer rate thereby hardenability increases and vice 
versa. Thermal conductivity of CuO nanoparticles is high as compared with distilled water, higher thermal conductivity and 
heat transfer causes better hardenability. This effect has been proven in this experiment by hardness test result as 
described above. 
4.1.2 Mild steel 
 
Fig 7: Hardenability of Mild steel 
The hardness of mild steel for different concentration of CuO nanofluid and distilled water is shown in Figure 7. Quenching 
of mild steel with nanofluid and distilled water is results with an increase in the hardness. Three concentrations of 
nanofluid 0.01%, 0.05% and 0.1% are used for this test, in which the concentration of 0.05% exhibits higher hardness than 
other two concentrations of nanofluid. At a distance of 10mm from the bottom of the work piece the hardness is about 92 
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HRC (Rockwell „C‟ scale), and it decreases gradually to the value of 32 HRC at a distance of about 50mm from the bottom 
of the work piece. The other intermediate hardness values are 84 HRC, 51 HRC and 34 HRC at a distance of about 
20mm, 30mm, and 40mm respectively from the bottom of the work piece. In case of the distilled water at a distance of 
10mm from the bottom the hardness is 33 HRC and 20 HRC at a distance of 50mm and the other intermediate values are 
25 HRC, 18 HRC and 24 HRC at a distance of 20mm, 30mm, 40mm respectively from the bottom of the work piece. For 
nanofluid concentration of 0.01% the hardness is about 81 HRC at 10mm, 30 HRC at 50mm, 50 HRC at 20mm, 36 HRC 
at 30mm and 32 HRC at 40mm of distance from the bottom of the work piece. Then the nanofluid concentration of 1% has 
77 HRC at 10mm and 28 HRC at 50mm and the other intermediate values are 45 HRC, 35 HRC, 30 HRC at a distance of 
about 20mm, 30mm & 40mm respectively from the bottom of the work piece. These are all the hardness value attained in 
the mild steel rod. According to the heat transfer rate, the hardenability of the material varies (i.e) the heat transfer rate is 
proportional to the hardenability.  The thermal conductivity of CuO particles is higher than the distilled water.  Heat transfer 
rate increases with the increase in thermal conductivity, which causes better hardenability. This effect has been proven in 
this experiment by the hardness results as described above. 
4.2 Cooling curves of EN-8 and Mild steel rod 
The cooling curve shows that the reduction in temperature with respect to time during the quenching process. The cooling 
rate of specimen is low, when water is used as a quenching medium. The Figure 9 shows that the nanofluid with the low 
volume concentration of nanoparticle (0.01%) has exhibited more heat transfer rate than the rest of other concentrations. 
Among the nanofluid concentrations the one with high takes more time to cool than the one with low concentration of the 
nanoparticle. This was confirmed by using nanofluid as a quenching medium the heat transfer rate increases instead of 
using water. Nanofluid has better thermal conductivity results with high heat transfer rate than distilled water. 
 
Fig 8: Cooling curves of EN-8 
 
Fig 9: Cooling curves of Mild steel 
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5. CONCLUSION: 
The hardenability investigation has been carried out on EN 8 and Mild steel specimen by using CuO nanofluid. The 
Jominy end quench hardenability of the material decreases with an increase in the distance of quenching. Though, the 
heat transfer rate of nanofluid is more when compared with distilled water. Heat transfer rate of quenching medium is 
mainly influenced by the concentration of the nanoparticle. Quenchant with low concentration of nanoparticle has exhibits 
better thermal conductivity than the fluid with high concentration. Since the thermal conductivity of the Copper Oxide 
nanoparticle is high, therefore the nanofluid preparation from the copper oxide has high thermal conductivity. The 
hardenability graph of the mild steel and the EN-8 material shows that the concentration of the nanofluid with 0.05% of 
nanoparticles results in higher hardness than comparing with the others. Cooling curve of the EN-8 and mild steel 
specimens are experimented separately. The EN-8 curve shows that the cooling rate of distilled water is low as compared 
with the nanofluids of three different volume concentrations. Out of these three concentrations, the 0.01% of nanoparticle 
has a high cooling rate as compared to other concentration. Similar results have been observed from the mild steel 
specimen.  
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